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METHOD FOR INCREASING THE EFFICACY OF ANTI-TUMOR 
AGENTS BY ANTI-ENDOGLIN ANTIBODY 

This application claims priority to U.S. Provisional Patent Application No. 
5 60/420,61 1 filed October 23, 2002, the disclosure of which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The present invention relates to the field of cancer therapy. In particular, the 
10 invention provides a method for increasing the efficiency of anti-tumor agents. 

BACKGROUND OF THE INVENTION 

Angiogenesis is the formation of new capillary blood vessels leading to 
neovascularization. It is a complex process which includes a series of sequential 

1 5 steps including endothelial cell-mediated degradation of vascular basement 

membrane and interstitial matrices, migration of endothelial cells, proliferation of 
endothelial cells, and formation of capillary loops by endothelial cells. Solid tumors 
are angiogenesis-dependent; i.e., as a small solid tumor reaches a critical diameter, 
for further growth it needs to elicit an angiogenic response in the surrounding 

20 normal tissue. The resultant neovascularization of the tumor is associated with more 
rapid growth, and local invasion. Further, an increase in angiogenesis is associated 
with an increased risk of metastasis. Accordingly, inhibiting tumor angiogenesis and 
associated tumor growth is an attractive approach to treating cancer for a variety of 
reasons (reviewed in 1-3). For example, antiangiogenic therapy can potentially 

25 overcome three major problems associated with other anticancer therapies, i.e., the 
problems of drug resistance (4, 5), poor delivery (6, 7) and tumor heterogeneity. 
Therefore, there is a need for effective methods of inhibiting angiogenesis and the 
tumor growth associated with it. One approach has been antibody-based targeting of 
tumor vasculature. By using specific antibodies to target vessels that supply tumors 

30 with blood, selective reduction of tumor tissue is possible, but not without 
undesirable complications. 
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Endoglin (EDG) has been targeted in antibody-based methods of reducing 
tumor vasculature, as EDG is a proliferation-associated antigen on endothelial and 
leukemia cells (8-1 1). Its expression is up-regulated in tumor- associated vascular 
endothelium (9-15). The EDG molecule is a homodimer glycoprotein antigen which 
5 was initially identified as a human leukemia-associated cell membrane antigen (16, 
17). Its expression is restricted to immature B-lineage acute lymphoblastic leukemia 
cells, myelomonocytic leukemia cells, endothelial cells and a few minor normal cells 
(16-20). EDG binds transforming growth factor p (TGF-p), specifically to TGF-/31 
and TGF-/33, but it does not bind to TGF-/32 (21). 

10 Importantly, EDG is essential for angiogenesis (22). Certain anti-EDG 

monoclonal antibodies (mAbs) react with tumor-associated vascular endothelium 
more strongly than with vascular endothelium in normal tissues (9, 12-15). 
Immunoconjugates of selected anti-EDG mAbs that weakly cross-react with mouse 
endothelial cells are effective for suppressing angiogenesis and tumors in mice (10, 

15 15, 23). These mAbs correspond to externally induced autoantibodies (24). Anti- 
EDG mAbs have been conjugated with deglycosylated ricin A-chain to obtain 
immunotoxins (10, 15) and with 125 I to obtain radioimmunoconjugates (23). 
Although the anti-EDG immunotoxins showed strong antiangiogenic anti-tumor 
efficacy at the dose of 24 to 45% of the 50% lethal dose (LD50), they also exhibited 

20 strong toxicity in mice. For example, LD 5 o of SN6f, SN6j and SN6k immunotoxins 
ranged between 14.8 and 17.8 /xg/g body weight (10, 15). Therefore, the therapeutic 
windows of these immunotoxins are relatively narrow and are accordingly difficult 
to administer safely. Thus, there is a need for an alternative method of using anti- 
EDG antibodies to increase the effectiveness of anti-tumor agents in inhibiting 

25 angiogenesis and tumor growth. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to enhance the efficacy of 
chemotherapeutic agents for therapy of cancer. The method comprises the steps of 
30 administering a combination of an anti-endoglin (EDG) antibody and a 

chemotherapeutic agent wherein the combination of anti-EDG antibody and 
chemotherapeutic agent has an unexpected synergistic anti-tumor effect. Any anti- 
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EDG antibody or antigen binding fragment thereof can be used. Examples of 
suitable anti-tumor agents include, but are not limited to, cyclophosphamide (CPA), 
5-fluorouracil, paclitaxel, methotrexate, cisplatin and doxorubicin. The effectiveness 
of the method of the present invention is demonstrated in severe combined 
5 immunodeficient (SCID) mice with human tumor xenografts. Antibodies and anti- 
tumor agents may administered by any method known to those skilled in the art, and 
the anti-EDG antibodies and the anti-tumor agent(s) may be administered 
concurrently or sequentially with the administration being repeated as necessary. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1. Immunostaining of blood vessels in the human skin/SCID mouse 
chimeras using species-specific anti-EDG (CD105) and anti-CD31 mAbs. Serial 
sections were cut from frozen tissues containing the human-mouse skins junction 
region (panel A - panel D, XI 00). Tissue sections were immunostained with SN6h 

15 (an anti-human CD 105 mAb; A), anti-human CD31 mAb (panel B), anti-mouse 
CD 105 mAb (panel C) and anti -mouse CD31 mAb (panel D). In an additional study, 
serial sections were cut from frozen tissues of the grafted human skins bearing large 
(250 mm 3 ) MCF-7 human tumors (E and F, X200). SN6h stained multiple vessels 
in the tumor in the human skin but not in the adjacent murine subcutaneous tissue 

20 (E). Anti-mouse CD 105 mAb stained multiple vessels in the tumor in the human 
skin and the murine subcutaneous tissue (F). A few examples of stained human and 
mouse vessels are indicated by arrows (E) and arrow heads (F), respectively. 
Isotype-matched murine control IgG (IgGl-K) and isotype-matched rat control IgG 
(IgG2a-/c) showed no significant staining. The staining patters were similar to that 

25 in A. Mouse and human skins in each panel are indicated by m and h, respectively. 

Fig. 2. Binding of 125 I -labeled SN6f, SN6j and SN6k to EDG-expressing 
KM-3 cells (panel A) and HUVECs (panel B). r is the number of antibody 
molecules bound to one cell at a given dilution; A is the molar concentration of total 
antibody; and x is the molar concentration of bound antibody, so that (A-x) is the 

30 molar concentration of the free antibody. The slope of the binding curve gives the 
equilibrium constant, K. The intersection point between the binding curve and 
abscissa gives the maximum number of antibody molecules, n, that can be bound to 
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a single cell. The equilibrium constant for the reaction, K, is expressed in liters per 
mole. 

Fig, 3. Therapy of established tumors in human skin/SCID mouse chimeras 
by i.v. administration of naked anti-EDG mAbs. MCF-7 human breast cancer cells 
5 were injected into human skin grafts in SCID mice, and therapy was delayed until 
distinct palpable tumors appeared. Chimeras with distinct tumors were divided into 
groups [n = 6 except for PBS (n = 5) and MOPC (n = 5) groups] and treated with 
PBS, an isotype-matched control IgG (MOPC), SN6f, SN6j, SN6k or SN6f plus 
SN6k. The therapy was performed in two cycles including one-week pause between 

10 the cycles to relieve the mice from the i.v. injection-associated stress. Each cycle 
consisted of five injections, at 2-days intervals, of PBS, a control IgG (200 fig), a 
mAb (200 fig) or a mixture of SN6f (200 pig) and SN6k (200 jig) as indicated in the 
figure. The arrows in the figure indicate injections of PBS, a control IgG, a mAb or a 
mixture of two mAbs. 

15 Fig. 4. Effect of different doses of SN6k on the anti-tumor efficacy. 

Established tumors in human skin/SCID mouse chimeras were generated as in Fig. 
3. Groups of chimeras (n = 6 in each group) were treated by i.v. administration of 
an isotype-matched control IgG (400 /ig), 200 fig SN6k or 400 fig SN6k. Injections 
of the control IgG and SN6k were repeated as in Fig. 3. 

20 Fig. 5. Therapy of preformed tumors by systemic administration of 

different doses of SN6j. Three groups of chimeras bearing established tumors (n = 
6) were treated by i.v. administration of 400 fig of an isotype-matched control IgG, 
200 fig SN6j or 400 fig SN6j. The arrows in the figure indicate injections of control 
IgG or SN6j. 

25 Fig. 6. Improved anti-tumor efficacy by the combination of an anti-EDG 

mAb with a chemotherapeutic drug and by using an antiangiogenic schedule of drug 
dosing. Established tumors of MCF-7 in human skin/SCID mouse chimeras were 
generated as described in Figs. 3, 4 and 5. The solid arrows and dashed arrows 
indicate injections of SN6j and cyclophosphamide (CPA), respectively. 

30 Fig. 7. Tumors in individual human skin/SCID mouse chimeras that were 

treated with PBS, SN6j, CPA, or SN6j plus CPA. Arrow heads, solid arrows and 
dashed arrows indicate injections of PBS, SN6j and CPA, respectively. Injections of 
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PBS in panel A were performed i.v. (upper line) and i.p. (lower line) as controls of 
SN6j and CPA, respectively. PBS was injected i.p. as a control of CPA in panel B, 
whereas it was injected i.v. as a control of SN6j in panel C. 

Fig, 8. Comparison of anti-tumor efficacy between SN6j and SN6j plus 
5 doxorubicin (DOX). MCF-7 human breast tumors in human skin/SCID mouse 
chimeras were generated as described in the legend to Fig. 3 and the chimeras 
bearing established tumors were distributed into four groups (n = 7 except for the 
control IgG plus saline group for which n = 6). An isotype-matched control IgG 
(MOPC 195 variant; IgGl-/c) plus saline (control of DOX), control IgG plus DOX, 

10 SN6j plus saline, or SN6j plus DOX were injected into tumor-bearing mice as 
indicated by arrows. SN6j and DOX showed synergistic anti-tumor efficacy as 
demonstrated in Table 2. 

Fig. 9. Repeated test of comparison between SN6j and SN6j plus DOX for 
anti-tumor efficacy against established MCF-7 tumors. MCF-7 tumors in the human 

15 skin/SCID mouse chimeras were generated as described in Fig. 8 and the tumors 
were treated as described in Fig. 8 and as indicated by arrows. Results of Fig. 9 are 
consistent with those of Fig. 8. 

DETAILED DESCRIPTION OF THE INVENTION 

20 The method of the present invention comprises administration of anti-EDG 

antibodies in conjunction with administration of chemotherapeutic agents (also 
referred to herein as anti-tumor agents) wherein the combination has a synergistic 
anti-tumor effect. The invention should not be construed as limited to use with only 
the particular anti-EDG antibodies or anti-tumor agents disclosed, but is intended to 

25 cover all anti-EDG antibodies and anti-tumor agents. Both monoclonal and 

polyclonal anti-EDG antibodies may be used. Further, antigen-binding antibody 
fragments of such antibodies, including F(ab')2, Fab', Fab, Fv, single chain Fv, Fd' 
and Fd fragments and derivatives of single chain Fv, may be used. These antibodies 
and/or antibody fragments may be used conjugated or unconjugated. Several anti- 

30 EDG antibodies are known in the art and may be used according to the method of 
the present invention. Known anti-EDG antibodies include K4-2C10 (or termed 
SN6f), D4-2G10 (or termed SN6a), Y4-2F1 (or termed SN6j) and P3-2G8 (or 
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termed SN6k), SN6, SN6b, SN6c, SN6d, SN6e, SN6g, SN6h and SN6i (10, 15, 16, 
25). Further, any anti-tumor agent can be used in this invention. Examples of anti- 
tumor agents include, but are not limited to, cyclophosphamide (CPA), 5- 
fluorouracil, paclitaxel, methotrexate, cisplatin and doxorubicin. 
5 Antibodies and anti-tumor agents may be given by a variety of administrative 

routes, including but not limited to oral, intratumoral, intravenous (i.v.), 
subcutaneous (s.c.) and intraperitonial (i.p.) methods known to those skilled in the 
art. The anti-EDG antibodies and the anti-tumor agent(s) may be administered 
concurrently or sequentially with the administration being repeated as necessary. 

10 Suitable concentrations of anti-EDG antibodies are those which induce anti- 

angiogenesis and anti-tumor effects and for anti-tumor agents are those which are 
known to have an inhibitory effect on tumor growth. However, as will be shown 
more fully by the Examples herein, the method of the present invention results in an 
unexpected synergistic inhibition of tumor growth. 

1 5 The effectiveness of the method of the present invention has been 

demonstrated in, for example, a mouse model for the evaluation of chemotherapeutic 
agents. The use of severe combined immunodeficient (SCID) mice and athymic 
nude mice with human tumor xenografts has been validated as a model for the 
evaluation of chemotherapeutic agents, as the model has been shown to reflect the 

20 clinical effectiveness of chemotherapeutic agents in original patients treated with 
these agents. (See for example, Neuwalt et al., 1985, Cancer Res. 45:2827-2833; 
Ovejera et al., 1978, Annals of Clin, and Lab. Science 8:50). 

The method of the present invention is intended to be illustrated by way of 
the following Examples, which are not meant to be limiting in any way. 

25 

EXAMPLE 1 

This Example describes the materials and methods used to demonstrate the 
present invention as further illustrated by the subsequent Examples. 

30 mAbs and Reagents. Anti-human EDG monoclonal antibodies (mAbs) 

SN6a, SN6f, SN6j and SN6k that cross-react weakly with mouse endothelial cells 
were used (10, 15, 26). A non-crossreactive anti-EDG mAb, SN6h (14, 25), and an 
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isotype-matched murine control IgG (MOPC195 variant, IgGl-k; ref. 26) were also 
used. Murine anti-human CD31 mAb JC/70A (IgGl-K) and cyclophosphamide 
(CPA) were obtained from DAKO™ (Carpinteria, CA) and Sigma™ (St. Louis, 
MO), respectively. Doxorubicin (DOX) was purchased from Sigma™. Rat anti- 
5 mouse EDG (CD 105) mAb MJ7/18 (rat IgG2a-K), rat anti-mouse CD31 mAb 390 
(rat IgG2a-K) and an isotype-matched rat control IgG (R35-95; IgG2a-/c) were 
purchased from PharMingen™ (San Diego, CA). InnoGenex™ Mouse-on Mouse 
Iso-fflC Kit, peroxidase substrate kit DAB (SK-4100), and LSAB Kit Peroxidase 
Universal (K568) were purchased from InnoGenex™ (San Ramon, CA), 

10 VECTOR™ (Burlingame, CA), and DAKO™, respectively. 

Tissues, Cells and Mice. Fresh human neonatal foreskins from elective 
circumcisions were obtained from the Cooperative Human Tissue Network (CHTN) 
Eastern Division, University of Pennsylvania Medical Center, and CHTN Pediatric 
Division, Columbus, OH. MCF-7 human breast cancer cells, KM-3 human 

15 leukemia cells, human umbilical vein endothelial cells (HUVECs) and SVEC4-10 
murine endothelial cells (27) were cultured as described previously (10) and 
according to methods known to those skilled in the art. Female SCID (NCr) mice 
were obtained from the Frederick Cancer Research and Developmental Center, 
National Cancer Institute (Frederick, MD). Mice were maintained in a protected 

20 environment in a laminar flow unit and given sterilized food and water ad libitum as 
described previously (28) and by methods known to those skilled in the art. All 
handling of SCID mice was performed in a laminar flow hood. 

Antigen-Binding Avidity of mAb. The purified mAbs SN6f, SN6j and 
SN6k were individually radiolabeled with 125 I using Iodo-Gen and according to 

25 standard methods known to those skilled in the art (for example, see Reference 16). 
The radiolabeled SN6f, SN6j and SN6k were determined to contain 1.85, 0.73 and 
1 .29 iodine atoms per IgG molecule on the average, respectively. Titration 
experiments which were carried out using a fixed amount (0.1 fig) of each 125 I - 
labeled mAb and 2-fold serial increments of EDG-expressing KM-3 cells showed 

30 that 48.6, 50.0 and 55.0 %, respectively, of the labeled SN6f, SN6j and SN6k 

retained antigen-binding activity. In the analyses of the binding data for SN6f, SN6j 
and SN6k, corrections were made for the above numbers. Analysis of Scatchard 
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plot of binding data was carried out as described previously (29, 30). An 
equilibrium constant and an average maximal number of mAb bound/cell were 
estimated by this analysis. 

Cellular Radioimmunoassay (RIA). An indirect cellular RIA was used to 
5 determine the reactivities of anti-human EDG mAbs with murine endothelial cells. 
Details of the assay were described previously (31) and were carried out using 
procedures known to those skilled in the art. Briefly, mAbs and an isotype-matched 
control IgG were individually incubated, in triplicate, with target cells in wells of 
96-well microtiter plates at 4°C for varying periods of time. After the cells were 

10 pelleted and washed three times, 125 I -labeled F(ab') 2 of affinity-purified goat anti- 
mouse IgG antibodies was added to the cells and the reaction mixtures were 
incubated at 4°C for lh. After the cells were washed four times, the radioactivity in 
the washed cells was determined (Cobra™ Series Auto-gamma Counter; Packard 
Instrument Comp. ™, Meriden, CT). 

15 Chimeric Human/Mouse Model. Fresh human neonatal foreskins were 

stored in sterile RPMI 1640 media supplemented with 2% fetal bovine serum, 1% 
gentamycin and 2.5 /xg/ml fungizone. The tissues were used for grafting on the 
same day as received. The grafting into SCID mice was performed by standard 
method (32-34) with slight modifications. 

20 Female SCID mice (7-10 week old) were anesthetized and a section of skin 

(approximately 2 cm 2 ) is surgically removed. A precut section of fresh full 
thickness human neonatal foreskin is sutured into place. The grafts are bandaged 
securely for 2 weeks to allow healing. EDG-negative MCF-7 cells are inoculated 
intradermally (i.d.) into the grafted human skins over 7 weeks after the skins were 

25 grafted and the graft healed completely. 

Immunostaining of Tissues. Serial sections (6 /im thickness) were cut from 
the frozen tissues using a cryostat, fixed in cold acetone, and stored at -70°C until 
use. Human and mouse blood vessels in the tissue slice were determined by 
immunohistochemical staining using species-specific anti-endothelial mAbs, i.e., 

30 mouse anti-human EDG mAb (SN6h), mouse anti-human CD31 mAb, rat anti- 
mouse EDG (CD 105) mAb, and rat anti-mouse CD31 mAb. In the immunostaining, 
isotype-matched control murine IgG (MOPC 195 variant; IgGl-K) and isotype- 
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matched control rat IgG (R35-95; IgG2a-K) were included as controls. For 
immunostaining of mouse tissues using mouse mAbs, InnoGenexTM Mouse-on 
Mouse Iso-IHC Kit and VECTOR peroxidase substrate kit DAB were used 
following the manufacturer's instructions to reduce background staining. For 
5 immunostaining of mouse tissues using rat mAbs, DAKO LSAB Kit Peroxidase 

Universal™ was used. Counterstaining was performed with hematoxylin. The ratio 
of human vessels to mouse vessels in the completely healed human skin grafts (i.e., 
8 weeks after the grafting) and in the human skin grafts bearing MCF-7 tumors was 
determined by counting human and mouse vessels on four 100X fields (i.e., 10X 

10 objective lens and 10X ocular lens) at the area of highest vascularization (35) in 
each tissue section under a microscope. Serial sections of the human skins were 
stained with SN6h, anti-human CD31 mAb, anti-mouse CD 105 mAb, and anti- 
mouse CD31 mAb. In addition, the tissues were stained with a mixture of SN6h and 
anti-human CD31 mAb, and a mixture of anti-mouse CD 105 mAb and anti-mouse 

15 CD31mAb. 

In addition, mouse and human vessels were immunostained in the tumors 
from the chimera mice that received PBS (control), SN6j, CPA or SN6j plus CPA, 
and were sacrificed at the end of a therapeutic experiment. Large tumors of two 
different sizes (i.e., 350 - 450 mm 3 and 100 - 250 mm 3 ) were obtained from each 

20 group of mice for immunostaining and vessel counting. Sections of the tumors were 
stained with individual mAbs or a mixture of anti-human CD 105 and CD31 mAbs 
and a mixture of anti-mouse CD 105 and CD31 mAbs as described above. Human 
and mouse vessels were counted separately as described above. An average of 
vessel counts in the two tumors was compared between different groups. 

25 Antiangiogenic Therapy of Preformed Human Tumors in Human Skins 

Grafted into SCID Mice. MCF-7 cells (8 x 10 6 cells in 0.1 ml PBS) were 
transplanted i.d. into human full-thickness skins grafted into SCID mice when the 
grafts showed no signs of inflammation, contraction or rejection. The mice were left 
untreated until distinct palpable tumors (3 to 6 mm in diameter in most cases) 

30 appeared. Mice with distinct tumors were divided into groups for the therapeutic 
studies. Anti-EDG mAbs and an iso type-matched control IgG (MOPC 195 variant; 
IgGl-K) were centrifuged at 100,000g and 4°C for 1 hr and the supernates were 
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individually filtered through a sterile Millex-GV™ filter (0.22 /xm; Millipore™, 
Bedford, MA) in a laminar flow hood before use. The sterilized solutions were 
diluted with sterile PBS containing mouse serum albumin (0.05% final 
concentration). For the mAb therapy, 200 /xg/0.2 ml mAb or control IgG was 
5 administered i.v. via the tail vein of mice. The administration was repeated four 

times every two days in the experiments of figures 3, 4 and 5, but every three days in 
the experiments of figures 6 and 7. The second cycle of the mAb therapy in figures 6 
and 7 was performed by injecting every four days for the five injections. For the 
combination therapy with CPA, 200 \i% mAb and CPA (80 mg/kg body weight) 

10 were given i.v. and i.p., respectively. CPA was given following an antiangiogenic 

schedule (36, 37). Administration of the mAb and CPA was repeated as indicated in 
figures 6 and 7. Three control groups received PBS, mAb and CPA, respectively. 

In an additional study, therapy of established tumors of MCF-7 in human 
skin/SCDD mouse chimeras was performed using DOX, SN6j or SN6j plus DOX. 

1 5 MCF-7 tumor was generated as described above. Two sets of experiments were 
carried out in this study. In the first set of experiments, mice with distinct tumors 
were distributed into four groups for the therapeutic study. The tumor-bearing mice 
were treated by administration of 1) an isotype-matched control IgG (MOPC 195 
variant; IgGl-/c) plus saline (control of DOX), 2) SN6j plus saline, 3) control IgG 

20 plus DOX, or 4) SN6j plus DOX. For the mAb therapy, 100 fig/0.2 ml PBS of SN6j 
or control IgG was given i.v. per 25 g body weight of mice. For the drug therapy, 25 
/xg DOX in 25 fil saline or 25 /il saline (control) was given i.p. per 25 g body weight 
of mice. The injections of the mAb and/or drug were repeated five times at 3-day 
intervals as shown in Fig. 8. 

25 The second set of the therapeutic experiment was performed as described 

above. The results are shown in Fig. 9. The results of the two sets of experiments 
shown in Fig. 8 and Fig. 9 are consistent with each other and demonstrate a 
synergistic effect on tumor volume reduction when SN6j and DOX are administered 
together. 

30 Follow-up of Treatment Efficacy. During the treatment, mice were 

monitored daily for tumor size and morbidity. Mice were weighed twice a week 
using an electronic balance (OHAUS™ Model GT210). Tumor size was measured 
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twice or three times a week using an electronic caliper (PRO-MAX 6 inch caliper; 
Fowler Co., Newton, MA) that was connected to a computer using OptoDemo™ 
software (Fowler Co.). The measured tumor diameters were converted to tumor 
volumes using Excel 97™; the tumor volumes were calculated using the following 
5 formula (38): V = length X width X height X 7r/6. Statistical analysis of the data for 
the comparison of different groups of mice was carried out using Student's t-test. 



EXAMPLE 2 

Immunostaining of Blood Vessels in Tissues from Human Skin/SCID 

10 Mouse Chimeras. Vessels in the human skin grafts generated as described in 
Example 1 above and the adjacent mouse tissues were analyzed by 
immunohistochemical staining with species-specific anti-endothelial mAbs, i.e., 
SN6h (an anti-human CD 105 mAb), anti-human CD31 mAb, anti-mouse CD 105 
mAb and anti-mouse CD31 mAb. The ratio of human vessels to mouse vessels in 

15 the completely healed human skin grafts and in the skin grafts bearing large MCF-7 
tumors was determined in serial sections of the tissues by counting human vessels 
and mouse vessels. Human vessels were detected by immunostaining the tissue 
sections with a mixture of SN6h and anti-human CD3 1 mAb, whereas mouse 
vessels were detected by immunostaining with a mixture of anti-mouse CD 105 mAb 

20 and anti-mouse CD3 1 mAb. Blood vessels in the completely healed (8 weeks after 
grafting) human skin without tumors consisted of 43.5% human vessels and 56.5% 
mouse vessels. Blood vessels in the human skin bearing a large established human 
tumor (250 mm 3 ) consisted of 59.6% human vessels and 40.4% mouse vessels. 
Therefore, growth of tumors in the human skin grafts depended on both murine and 

25 human vessels. The results also indicate that human tumors stimulate human vessels 
preferentially compared with murine vessels. Immunostaining of vessels was also 
performed using individual mAbs. 

The stained vessels in the human skin grafts and adjacent mouse skins are 
illustrated in Fig.l panels A-D. In addition, vessels in MCF-7 tumors in the grafted 

30 human skins and the adjacent subcutaneous murine tissues are illustrated in Fig. 1 
panels E and F. SN6h did not stain any vessels in the grafted human skins or 
adjacent mouse skins (Fig. 1 panel A). 
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However, SN6h stained multiple vessels in tumors in the human skins but 
not in the adjacent murine subcutaneous tissues (Fig. 1 panel E). The results show 
that SN6h is capable of distinguishing the tumor-induced angiogenic vessels from 
the non-angiogenic vessels. In contrast, anti-human CD31 mAb stained vessels in 
the tumor- free human skins (Fig. 1 panel B) and also vessels in the tumors in the 
grafted human skins (data not shown). It did not stain any vessels in the adjacent 
murine skins (Fig. 1 panel B). Anti-mouse CD 105 mAb stained vessels in the 
human skins as well as in the adjacent murine skins (Fig. 1 panel C). It also stained 
vessels in MCF-7 tumors in the human skins and vessels in the adjacent murine 
subcutaneous tissues (Fig. 1 panel F). 

Thus, unlike SN6h, the anti-mouse CD 105 mAb was unable to distinguish 
the non-angiogenic vessels from the tumor-induced angiogenic vessels. The staining 
pattern of anti-mouse CD31 mAb is similar to that of anti-mouse CD 105 mAb; the 
former stained vessels in the human skins as well as in the adjacent murine skins 
(Fig. 1 panel D). The described immunostaining pattern of human skin grafts and 
the adjacent mouse tissues was consistently observed for the tissue samples obtained 
7, 8, 9, 11, 18 and 20 weeks after grafting of the human skins. Specificity of the 
anti-mouse CD 105 and anti-mouse CD31 mAbs for murine vessels was confirmed 
by immunohistochemical studies in which these mAbs did not react with any blood 
vessels in human colon cancer tissues and human neonatal foreskins. The results 
show that the growth of human vessels is limited within the boundary of the grafted 
human skins, but murine vessels infiltrate into the grafted human skins from the 
surrounding murine tissues. Therefore, murine vessels are more functional for 
delivering nutrients and oxygen than human vessels in the human skin grafts. 

EXAMPLE 3 

Antibody Avidity and Number of Available Epitopes on EDG- 
Expressing Cells. Scatchard plot analyses of direct binding of radiolabeled SN6f, 
SN6j and SN6k to EDG-expressing KM-3 leukemia cells and subconfluent 
proliferating HUVECs were carried out (Fig. 2). The results show equilibrium 
constants of 8.02 x 10 9 , 2.85 x 10 9 , and 1.01 x 10 9 liters/mol, respectively, for SN6f, 
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SN6j and SN6k to KM-3 cells. The equilibrium constants to HUVECs are 8.32 x 
10 9 , 3.08 x 10 9 , and 1.01 x 10 9 , respectively, for SN6f, SN6j and SN6k. 

The results show that these mAbs bind to KM-3 cells and HUVECs with 
very similar avidities. The three mAbs all show good binding avidities and the rank 
5 order of these mAbs for antibody avidity is SN6£> SN6j> SN6k. In the same 
analyses of Scatchard plot, the average number of antibody molecules bound per 
KM-3 cell was estimated to be 1.25 x 10 4 , 1.75 x 10 4 and 1.70 x 10 4 , respectively, at 
antibody saturation. The number per HUVEC was estimated to be 1.56 x 10 6 , 1.13 x 
10 6 and 1.52 x 10 6 , respectively, for SN6f, SN6j and SN6k. Since these mAbs 
10 (all IgGl) are bivalent antibodies, the average number of antigen on these cell 

specimens is likely to be 1 to 2-fold greater than the antibody number. The present 
results show that EDG is highly expressed on proliferating HUVECs and they 
express approximately one-hundred fold as many EDG molecules as KM-3 cells. 

15 EXAMPLE 4 

Reactivities of Anti-EDG mAbs with Murine Endothelial Cells. An 

indirect cellular RIA was used to determine the reactivities of SN6f, SN6j and SN6k 
with proliferating (subconfluent) SVEC4-10 murine endothelial cells by incubation 
for 2h or 24 h. The radioactivities (cpm) in the cells treated with SN6f, SN6j, SN6k 

20 and an isotype-matched control IgG (IgGl-*) for 2h were 414 ± 46 (S.D.), 381 ± 15, 
394 ± 36 and 290 ± 29, respectively. The radioactivities in the cells treated with the 
mAbs and control IgG for 24 h were 926 ± 32, 758 ± 64, 662 db 30 and 456 ± 60, 
respectively. In the same assay, the radioactivities in proliferating HUVECs treated 
with SN6f and control IgG for 2h were 8,227 ± 385 and 196 ± 24, respectively. The 

25 results show that binding of the three anti-EDG mAbs to SVEC4-10 murine 

endothelial cells is weak but significant compared with the isotype-matched control 
IgG. The rank order of the three mAbs for reactivity with SVEC4-10 cells is SN6f > 
SN6j «SN6k. The reactivities of these mAbs with HUVECs are much stronger than 
those with SVEC4-10 murine endothelial cells (see above and ref. 15). 



30 
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EXAMPLE 5 

Suppression of Established Tumors by Systemic Administration of 
Naked (unconjugated) mAbs. MCF-7 human breast cancer cells (8 x 10 6 
cells/mouse) were injected i.d. into human skins grafted to SCID mice, and left 
5 untreated until distinct palpable tumors appeared. Mice with distinct tumors were 
divided into groups (n = 6 or 5; [n = 6 except for PBS (n = 5) and MOPC (n = 5) 
groups]), and treated by i.v. administration of PBS, an isotype-matched control IgG 
(MOPC 195 variant; IgGl-/c), SN6f, SN6j, SN6k or SN6f plus SN6k. SN6f and 
SN6k define mutually distant epitopes (15). The therapy was performed in two 

10 cycles including one-week pause between the cycles to relieve the mice from the i.v. 
injection-associated stress. Each cycle consisted of five injections, at 2-days 
intervals, of PBS, a control IgG (200 /xg), a mAb (200 fig) or a mixture of SN6f (200 
fig) and SN6k (200 fig) as indicated in the figure. The results are presented in Fig. 3. 
Both SN6j and SN6k showed significant anti-tumor efficacy while SN6f was 

15 less effective. The results indicate that anti-tumor efficacy of anti-EDG mAbs is not 
directly proportional to antigen-binding avidities of mAbs because SN6f shows the 
strongest antigen-binding avidity among the three mAbs to both HUVECs and 
murine endothelial cells (see above). 

The observed difference in the anti-tumor efficacy among SN6f, SN6j and 

20 SN6k is consistent with the difference among the deglycosylated ricin A chain 

(dgRA) conjugates of the three mAbs (15). The results suggest the importance of 
other factors such as epitopes in the in vivo anti-tumor efficacy. The combination of 
SN6f and SN6k showed an additive effect. 

In additional tests, effect of the mAb dose on the anti-tumor efficacy was 

25 investigated. An example of such tests is presented in Fig. 4. A two-fold increase of 
SN6k from 200 fig to 400 fig resulted in a small increase in the anti-tumor efficacy. 
Both 200 fig and 400 fig of SN6k were effective for tumor suppression compared 
with 400 fig of an isotype-matched control IgG. A similar test was performed with 
SN6j (Fig. 5). Both 200 fig and 400 fig of SN6j were effective for tumor 

30 suppression compared with the isotype-matched control IgG. The difference in the 
anti-tumor efficacy between 200 fig and 400 fig of SN6j was small. The results 
show that naked anti-EDG mAbs can suppress growth of established tumors. 
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EXAMPLE 6 

Synergistic Anti-tumor Efficacy by Combination of a mAb with a 
Chemotherapeutic Drug. To improve anti-tumor efficacy of the naked anti-EDG 
mAb, SN6j was combined with CPA which was administered into tumor-bearing 
5 chimeras using an antiangiogenic schedule of drug dosing (36, 37) or in another 
term, a metronomic dosing regimen (39) A conventional dosing schedule of a 
cytotoxic drug for cancer therapy consists of application of the drug at or near the 
maximum tolerated dose, followed by periods of rest of the drug dosing to allow 
normal tissues of the patients to recover. In the antiangiogenic schedule of drug 

10 dosing (or in another term, a metronomic drug dosing schedule), a relatively low 
dose of a cytotoxic drug is given continuously or at shorter intervals without 
interruption (36, 37, 39). MCF-7 tumors in human skin grafts in SCID mice were 
established as described in Example 1 above. 

Chimeras with established tumors were distributed into four groups (n = 8). 

15 Individual groups were treated by systemic administration of PBS, SN6j, CPA, or 
SN6j plus CPA. CPA (80 mg/kg body weight) was injected i.p. every 4 days by 
using an antiangiogenic schedule (see above). SN6j (200 fig) was administered i.v. 
every 3 days for the first 5 injections and every 4 days for the remaining 5 injections. 
The results are presented in Fig. 6. It should be noted that at the onset of therapy, 

20 the average size of tumors in the present set of experiments is larger than those 
presented in Figs. 3, 4 and 5; the average size of tumors was 63.8, 57.5, 54.6 and 
97.2 mm 3 , respectively, for Figs. 3, 4, 5 and 6. Both SN6j and CPA are effective 
for tumor suppression. Difference in the tumor size between the control PBS group 
and the SN6j/CPA-treated group is statistically significant (p< 0.04) after day 45 and 

25 until the end of experiment, i.e., day 66. The statistically significant experimental 
points are indicated by star symbols. 

Potential synergy between SN6j and CPA was evaluated by methods known 
to those skilled in the art, such as the method detailed for detecting synergy between 
angiostatin and endostatin (40) and synergy between an adenovirus variant and 

30 docetaxel (41). Previously, Momparler (42) reviewed in vitro systems for evaluation 
of combination chemotherapy of malignant diseases. In this review article, 
Momparler described quantitative parameters for synergistic, additive and 
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subadditive effects between two drugs on the drug-induced cell lethality (42). 
Recently, Yokoyama et ah (40) and Yu et ah (41) applied this principle to the 
combination therapy of tumors in vivo. Yokoyama et ah (40) treated athymic nude 
mice bearing human ovarian tumors with angiostatin and endostatin while Yu et ah 
5 (41) treated nude mice bearing human prostate tumors with CV787, a prostate- 
specific antigen (PSA)-positive prostate cell-specific adenovirus variant, and 
docetaxel. They analyzed anti-tumor efficacy of the combination therapy using the 
same method that is based on the Momparler's description (42). Details of the 
analysis are described by both Yokoyama et ah (40) and Yu et ah (41). We used the 

10 same method for analyzing combination effects of SN6j and a drug (CPA or DOX) 
on MCF-7 human breast tumors in human skin/SCID mouse chimeras. Details of the 
analytical method are described in Table 1 and Table 2. Table 1 summarizes relative 
tumor volume of treated groups versus control group on five different time points 
during the therapy. Combination therapy showed more than additive effect on tumor 

15 growth suppression. On day 24, 9 days after therapy initiation, there was a slight 
improvement in anti-tumor activity in the combination group when compared with 
the expected additive effect. This improvement became greater during the course of 
therapy. On days 34 and 45, there were 1.5-fold and 1.6-fold improvements, 
respectively, in the combination group compared with the expected additive effect 

20 (Table 1). 



Table 1 Combination therapy with SN6J and CPA 

Fractional tumor volume (FTV) relative to untreated controls 
Combination treatment 



Day" 


SN6j 


CPA 


Expected 0 


Observed 


Ratio of expected: 
observed FTV rf 


24 


0.824 


0.867 


0.714 


0.651 


1.097 


34 


0.962 


0.873 


0.840 


0.555 


1.514 


45 


0.929 


0.827 


0.768 


0.474 


1.620 


55 


0.763 


0.702 


0.536 


0.435 


1.232 


66 


0.743 


0.739 


0.549 


0.426 


1.289 



a Day after tumor cell inoculation. Tumor volume was measured twice or three 
times a week for each mouse (n = 8 for each group of mice). 

b FTV, calculated as mean tumor volume experimental/mean tumor volume 
control. 



25 c (Mean FTV of SN6j) X (mean FTV of CPA) 

d Obtained by dividing the expected FTV by the observed FTV. A ratio of > 1 
indicates a synergistic effect, and a ratio of < 1 indicates a less than additive effect. 
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This supraadditive effect of the combination therapy persisted until the end of 
experiment (i.e., day 66). 

The results demonstrate a synergistic anti-tumor effect of an anti-EDG 
antibody and an anti-tumor agent, as SN6j and CPA exert synergistic anti-tumor 
5 efficacy in the present model. Small decreases in the body weight were observed for 
the chimeras treated with CPA and CPA plus SN6j; the decreases were within 10% 
of the control. Therapeutic effect on individual chimeras in each group of Fig. 6 is 
presented in Fig. 7. Growth rate of MCF-7 tumors in the human skin/SCID mouse 
chimeras is substantially heterogeneous before onset of the therapy. This is in 

10 contrast to more homogeneous growth of the MCF-7 tumors in SCID mice (e.g., ref. 
15). One reason for this heterogeneous growth in the chimeras may be the wider 
genetic heterogeneity of the human skins compared with SCID mice. To minimize 
the effect of the heterogeneous tumor size on the experiment, chimeras with tumors 
of a similar size were distributed nearly evenly into different groups. Consequently, 

15 the average size of tumors in each group became similar among the four groups at 
the onset of therapy (see Fig. 6). Tumors in 8 chimeras of the control PBS group all 
continued growing although growth rate of one tumor was substantially slower than 
others (Fig. 7 panel A). Treatment with SN6j slowed tumor growth compared with 
the control group and a small tumor in one chimera regressed completely (Fig. 7 

20 panel B). CPA therapy using an antiangiogenic schedule slowed growth of five 
smaller established tumors and induced near regression of one of the tumors. 
However, CPA therapy showed little therapeutic effect on the three large tumors of 
more than 100 mm 3 at the onset of therapy (Fig. 7 panel C). Treatment with SN6j 
and CPA using an antiangiogenic schedule of drug dosing prevented five smaller 

25 established tumors from increasing in size and induced lasting complete regression 
of two of the tumors (Fig. 7 panel D). An additional tumor regressed after day 37 
but relapsed soon after the regression. The combination therapy prevented one of 
the three large tumors of more than 100 mm 3 from increasing in size soon after the 
initiation of therapy and the tumor remained stable during and after the therapy (Fig. 

30 7 panel D). Two of the large tumors continued growing initially but became stable 
after 3 injections of SN6j and CPA; these tumors restarted expanding after cessation 
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of therapy. Thus, the present Example demonstrates that the combination of SN6j 
and CPA is effective for treating both small and large established tumors. 

Human and murine blood vessels were immunostained in the large human 
tumors from the chimera mice after the mice were sacrificed at the end of 
5 experiment shown in Fig. 7. Number of murine vessels in the tumors was 52, 47, 47 
and 34 per 100X field for groups A, B, C and D, respectively (see Fig. 7 for the 
groups). Therefore, SN6j (group B) and CPA (group C) caused only a small 
decrease (approximately 10%) in the number of murine vessels in the tumors 
compared with the control (group A). However, combination of SN6j and CPA 

10 (group D) caused a larger ( i.e., 35%) decrease in the number of murine vessels. 
Number of human vessels in the tumors was 33, 0, 36 and 0 per 100X field for 
groups A, B, C and D. The results show that SN6j is highly effective for 
suppressing human vessels but only weakly suppressive against murine vessels. 
CPA was not effective for inhibiting human vessels and only weakly suppressive 

1 5 against murine vessels. However, a combination of SN6j and CPA showed a 
stronger suppression of murine vessels and was effective in eliminating human 
vessels in the tumors. Further, no strong toxicity was observed by the combination 
therapy although transient decreases in the body weight (<10%) of the chimeras 
were detected. 

20 In an additional study, SN6j was combined with DOX which was 

administered into tumor-bearing human skin/SCID mouse chimeras using an 
antiangiogenic schedule of drug dosing (see above). MCF-7 tumor in the chimeras 
was established as described above. Chimeras with established tumors were 
distributed into four groups (n = 7 except for the control IgG plus saline group for 

25 which n = 6). Individual groups were treated by systemic administration of an 

isotype-matched control IgG (MOPC 195 variant; IgGl-K) plus saline (control of 
DOX), the control IgG plus DOX, SN6j plus saline, or SN6j plus DOX. DOX (25 
/xg in 25 fil saline/25 g body weight of mice) and saline (25 \x\I2S g body weight) 
were injected i.p. at 3-days intervals for a total of six injections. SN6j (100 /ig in 0.2 

30 ml PBS/25 g body weight) and the control IgG (ibid) were administered i.v. at 3- 
days interval for a total of six injections. The results are presented in Fig. 8. 
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Potential synergy between SN6j and DOX was evaluated by the method 
described for Table 1 . Results are shown in Table 2 which summarizes relative 
tumor volume of treated groups versus control group on five different time points 
during the therapy. Combination therapy using SN6j and DOX showed more than 
5 additive effect on tumor growth suppression. On day 21, there was a slight 

improvement in anti-tumor activity in the combination group when compared with 
the expected additive effect. This improvement became greater during the course of 
therapy. On days 29 and 33, there were 1. 36-fold and 1.30-fold improvements, 
respectively, in the combination group compared with the expected additive effect 
10 (Table 2). 

Table 2. Combination Therapy with SN6j and DOX 

Fractional Tumor Volume (FTV)* Relative to MQPC + Saline Grou p 



Combination Treatment 



Day" 


SN6j 


Dox 


Expected 0 


Observed 


Ratio of Expected: 
Observed FTV* 


21.0 


0.855 


0.993 


0.849 


0.780 


1.088 


26.0 


0.917 


0.967 


0.886 


0.688 


1.288 


29.0 


0.913 


0.980 


0.895 


0.658 


1.361 


33.0 


0.852 


0.900 


0.767 


0.587 


1.306 


36.0 


0.846 


0.856 


0.724 


0.571 


1.269 



a Days after tumor cell inoculation. Tumor volume was measured twice or three times a week for each mouse 
(n = 7 for ach group of mice except for the MOPC plus saline control group for which n = 6). 
b FTV, calculated as mean tumor volume treatment/mean tumor volume control, i.e., MOPC plus Saline group. 
'(Mean FTV of SN6j) x (Mean FTV of Dox). 

d Obtained by dividing the expected FTV by the observed FTV. A ratio of > 1 indicares a synergistic effect, 
and a ratio of <1 indicates a less than additive effect. 

15 This supraadditive effect of the combination therapy persisted until the end of 
experiment (i.e., day 36). 

The combination therapy of established tumors using SN6j and DOX was 
repeated and the results are shown in Fig. 9. The results of Fig. 9 are consistent with 
the results of the first experiment shown in Fig. 8. These results show that SN6j and 
20 DOX exert synergistic anti-tumor efficacy against established tumors. 

Collectively, the presented results demonstrate synergistic anti-tumor effect 
of an anti-EDG antibody and an anti-tumor agent as SN6j and CPA as well as SN6j 
and DOX exert synergistic anti-tumor efficacy in the present model. 
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